Abstract-In wireless sensor networks, sensor nodes are extremely power constrained, so energy efficient clustering mechanism is mainly considered in the network topology management. A new clustering mechanism based on the polymorphic ant colony (PAC) is designed for dynamically controlling the networks clustering structure. According to different functions, the nodes of the networks are respectively defined as the queen ant, the scout ant and worker ant. Based on the calculated cost function and realtime pheromone, the queen ant restructures an optimum clustering structure. Furthermore, the worker ants and the scout ants can send or receive sensing data with optional communication path based on their pheromones. With the mechanism, the energy consumption in inter-cluster and intra-cluster communication for the worker ants and scout ants can be reduced. The simulation results demonstrate that the proposed mechanism can effectively remodel the clustering structure and improve the energy efficiency of the networks.
I. INTRODUCTION
The sensor nodes of Wireless sensor networks (WSN) are self-organizing and collaborate together to achieve a common task. Due to energy limitation, some nodes become disabled with the operation of the networks, or some nodes are in inactive status. This situation leads the network topology to be dynamically remodeled. As result, the traditional wired network topology control technology cannot be used in WSN, the clustering technologies are widely used to control the network topology and simplify the routing process [1, 2, 3] , which plays a great role in reducing the energy consumption of the nodes and enhancing the network lifetime. Therefore, the energy efficient clustering mechanism is the mainly considered in the design of WSN.
In recent years, many clustering algorithms are proposed to manage the nodes of WSN and prolong the system lifetime. The balanced energy consumption is realized through substituting the neighbor idle node for the busy node [4] . A routing choice algorithm is proposed for energy balance based on surplus energy information of the sensor nodes [5] . These theories obtain energy efficiency. Unequal clustering size (UCS) clustering algorithm balances the energy dissipation through controlling the size of the cluster [17] ; this scheme can prolong the network lifetime. Ref. [7] proposes the optimal cluster size and a location aware hybrid transmission scheme that can further prolong the network lifetime.
In clustering WSN, cluster heads (CHs) and general nodes both send or receive sensing data and maintain the network topology, so the energy efficient topology control protocols are very important to the robustness of the networks. W. Steven Conner, Jasmeet Chhabra, el.al [8] have designed two protocols composed the relay organization and the relay synchronization for control networks topology, which allows energy conservation in a large scale of sensor network applications. In recent years, there are some new theories or algorithms which are used to control network clustering or manage network topology. The ant colony algorithms have been presented to maximize the network lifetime and reduce communication delay and improve network reliability [9, 10, 11] . Based on the swarm optimization (PSO) partitions algorithm, EBUC (Energy-balanced Unequal Clustering) protocol [12] partitions all nodes into clusters of unequal size. The cluster heads of these clusters can preserve some more energy for the inter-cluster relay traffic and the 'hot-spots' problem can be avoided. EBUC protocol can efficiently decrease the dead speed of the nodes and prolong the network lifetime. In the many existing research for the network topology management, all clusters are usually static and their cluster heads and general nodes are invariable. Yet, CHs are usually elected periodically in the static clustering structure. When a new CH is re-assigned in a cluster, the communication distances between some general nodes and the CH may be increased and their energy consumption would be increased rapidly [6] .
Facing the preceded discussion, we proposed a new clustering method based on polymorphic ant colony (PAC) for wireless sensor networks. According to different functions and roles, the base station (BS), CH and general node are respectively defined as the queen ant, the scout ant and worker ant. The queen ant analyzes the energy cost of the whole networks and makes the decision for clusters re-structuring. The worker ants dynamically select their cluster heads (the scout ant) based on their optimal expectation and real-time pheromone. With the clustering mechanism, the energy consumption of the worker ants and the scout ants for sending or receiving their data can be reduced remarkably, and the system lifetime can be prolonged.
The remainder of this paper is organized as follows: In Section II, the network model, cluster model and energy consumption model are described. In Section III, we give a detailed description of the proposed clustering mechanism. We present the simulation study of the proposed clustering mechanism in Section IV and give some conclusions in Section V.
II. PRELIMINARIES

A. Network Model
We define a WSN model with the following properties.
(1) All sensor nodes are assumed as same type and static, and each sensor node has full knowledge of itself local information, and each node has an exclusive ID.
(2) Each node can be either cluster head or general node.
(3) A fixed BS (Base Station) is located center of the sensor network fields.
(4) The system lifetime is defined as the first node dead time.
B. Clustering Model
In our previous works, an energy efficient clustering algorithm (EECA) for maximizing lifetime of wireless sensor networks has been presented [13] . Now, assume that n sensor nodes are deployed in some fan-shaped area with clustering angle θ , and the nodes are deployed with uniform density (
/ m nodes
). Each fan-shaped area is partitioned into v clusters ij C such as , , ,
To describe in simple terms, the cluster closer to the BS is called the upper layer cluster and other is called the lower layer cluster. The sketch map of the perfect clustering model is shown in Fig. 1 .
C. Radio Energy Consumption Model
In this paper, the simplified energy consumption model [13] for sending data and receiving data is defined as follows: In (1) at the receiver's demodulator. γ is the path loss exponent that is related to the transmission distance. In (1), the energy consumption is in direct proportion to the length of data packets or message packets. If the message packets can be reduced, the energy consumption can be reduced. At the same time, the energy consumption is in direct proportion to 2 d when the transmission distance is less than a threshold. Otherwise, the energy consumption is in direct proportion to 4 d .
III. ALGORITHM DESCRIPTIONS
A. Basic Ant Colony Algorithm
The ant colony algorithm (ACA) is based on the behavior of real ants, which is always used to optimize the probability-based path in a diagram by simulating ant activity [14] [15] [16] 
Where Q is a constant and ij d is the length of the path which ant k a traverses in a cycle t Δ .
The probability of ant k (k = 1, 2... m) transferring to the next eligible node can be denoted as (4) .
In (4), k allowed is a collection of the nodes that the ant k can choose at the next step, α is the information heuristic factor, β is the expected heuristic factor.
Basic ACA is based on single ant colony, single pheromone algorithm, which mainly simulates the actual ant colony information system. But in fact, the real ant society is organized with different kinds of ant colonies which have different pheromone updating rules. It is very important to improve the research and convergence speed.
B. Clustering Mechanism
In clustering WSN, BS has enough energy, computation and communication distance, which can send message to all nodes in the network. Cluster heads act as the local control centers, and they can analyze and calculate the distances between their self and their members (general nodes). General nodes mainly send data to their cluster heads. According to basic ACA, all nodes and communication link can be described as
Because of the limited energy and constrained calculation ability, globe path search will increase calculation energy consumption and reduce convergence speed of ACA. In our proposed algorithm, polymorphic ant colony is defined as follows.
(1) BS is defined as queen ant.
(2) Cluster head is defined as scout ant. (3) General node is defined as worker ant. They coordinate work together to dynamically adjust the clustering structure of the network.
In Fig.1 , in order to prolong the network lifetime and balance energy consumption, cluster head should be replaced by general node with related control rules [13] . Because some nodes are located in the boundary between two adjacent clusters, the distance between these nodes and their cluster heads will be changed with cluster heads dynamic transformation. For example, when a new cluster head of cluster 12 C is located in the position shown as in Fig. 2 CH . Obviously, to improve the energy efficient, it is very important that nodes located in the boundary can select dynamically their cluster heads, or when these nodes works as cluster heads, a new cluster structure should be remodeled shown as in Fig. 3 . Fig. 3 (a) denotes the static clustering control mechanism which the cluster member will not be changed with the location of the cluster head is shifted. Fig. 3 (b) denotes the dynamic clustering control mechanism which the cluster member will be reconfigured when the location of the cluster head is shifted.
In order to reduce the communication energy, the node 1 n in Fig. 2 should send data to the cluster head 22 CH . But if the energy load of the cluster head 22 CH is too heavy, the communication with node 1 n maybe reduce its lifetime. So, the node chooses its cluster head based on the compromise between the communication distance and the energy efficiency from its potential cluster heads. In clustering WSN, one-hop mechanism is adopted widely for the communication between the general node (worker ant) and the cluster head (scout ant). So, a new expectation ik η for general node i (worker ant) can be denoted as 1 2
In (5), ik η is the expectation between worker ant i to scout ant k . ik d is the distance between the worker ant i and the next scout ant k . The constants 1 α , 2 α are user-defined constants used to weight the contribution of each of the sub-objectives and 1
. ik L is the energy efficiency of the next scout ant k which maybe communicate with the worker ant i . It can be calculated with (6) .
In (6), r k E is the residual energy of the scout ant k .
kh E is the energy consumption for the scout ant k communication with its worker ant which is located in the same cluster. m is the number of the worker ants located in cluster k . Based on (5) and (6), each general node can calculate the maximal expectation and select an optimal communication path to reduce the communication energy consumption.
In our previous works (Energy efficient clustering algorithm, EECA) [13] , a fixed clustering mechanism such as in Fig. 2 was used, but that mechanism led the energy consumption of the nodes located in the boundary between two adjacent clusters can not be reduced. When a candidate cluster head works as the next cluster head, the energy efficiency may be different owing to the communication distance change. If the ik L of the new cluster head is reduced remarkably, the energy consumption of the new cluster would be increased remarkably. Then, a new cluster structure should be remodeled such as Fig. 3 (b) . In our algorithm, each scout ant must communicate with its worker ant except for the node located in the boundary between two adjacent clusters. Namely, the communication link between worker ant and scout ant is determinate, so each new scout ant only need to calculate its current pheromone and compare this pheromone with that of the previous scout ant. Then, the pheromone of the cluster head (scout ant) can be simplified as follows.
In (7), n is the number of the worker ants located in cluster k , which may be different from m of (6) because of the remodeled cluster structure. In (1), the energy consumption is related to 
Where elec E is the energy consumption mapping of each node receiving sensing data or broadcast message. In our algorithm, the scout ant works as the local control center, its energy consumption is comprised of the inter-cluster and intra-cluster communication, so (5) and (7) are adopted for the current scout ant selecting the next one-hop relay scout ant. In the first round, each new scout ant must calculate its current pheromone and send it to BS. The pheromone is effective until it is replaced by the next candidate scout ant. During the other work rounds, each scout ant gathers sensing data from its member and sends the fused data to BS.
BS has no energy constraint and has enough computation ability, so it can calculate and analyze the global topology structure of the networks, and can make a decision how to remodel cluster structure based on the pheromone received from all the scout ants. The additional energy consumption for broadcast must be expended to remodel cluster structure, so BS which is defined as the queen ant should weigh the global energy consumption cost for re-structuring clusters according to all inter-cluster and intra-cluster communication. The cost function of queen ant remodeling cluster structure is defined as follows, which is used to minimize the intracluster distance and balance the energy consumption between cluster heads and general nodes. 
Where N is the number of the total nodes. C is the number of the total clusters. θ Δ is a constant which is the minimal regulated angle (
E is the energy consumption for each node receiving broadcast and sending answer to its cluster head. 
Where ± is the clockwise or anticlockwise direction. During the parameter x regulated from 0 to A , the queen ant can calculate the optimal cost with )) ( min(cos x t . And then, the queen ant sends remodeling cluster structure command to all nodes composed of all worker ants and all scout ants. Equation (5), (7) and (10) are the respective control rules for the worker ants, the scout ants and the queen ant. In the following subsection, the sensing data delivering mechanism and re-structuring clusters are described.
C. Inter-cluster and Intra-cluster Data Delivering
In the clustering WSN, when cluster heads deliver their data to the BS, each cluster head firstly collects the sensing data from its members with one-hop routing and aggregates them, then sends the packet to the BS via multi-hop or one-hop communication. If the one-hop routing in inter-cluster communication is adopted, the routing protocol should cause unbalanced energy dissipation of the network, especially when the BS is outside of the network. That is, the cluster heads farther away from the BS are prone to consume more energy to transmit data to the BS and die quickly. In our gradient clustering model shown as in Fig. 1 , an unequal clustering size is adopted to balance the energy dissipation inter-cluster communication. Through the relay nodes, the cluster heads farther away from the BS transmit fusing data to the BS via multi-hop communication. In each intra-cluster, cluster head gathers data from its member with one-hop communication. To reduce the energy consumption of broadcasting message in the intra-cluster, a continuous working mechanism for cluster head is adopted, which is same as our previous research [xx] .
D. Re-structuring Clusters
Because the nodes are random deployed in the sensing area, the maximal continuous working times of the cluster heads are usually different. Thus, BS starts to calculate the value of the cost function with (10) before the continuous working times of the cluster head reaches its maximal value. If the new value of the ) ( cos x t is larger than the current value, BS doesn't send broadcast message which is used to inform all nodes re-structuring the cluster, and the nodes directly send sensing data to their current or candidate cluster head based on the current clustering structure. Of course, the node such as node 1 n in Fig. 2 can select its new cluster head based on the calculated expectation. If the new value of the ) ( cos x t is lower than that of the previous cost, BS informs all nodes to remodel the clustering structure with a parameter x calculated through (10) . When the new clustering structure is formed, the new cluster head of each cluster is elected from the general nodes except for the previous cluster head. Each new cluster head calculates its own maximal continuous working times and analyze its pheromone. And then, all new cluster heads send their pheromones and maximal continuous working times to the BS. The sketch map of re-structuring clusters is shown in Fig. 4 . In Fig. 4 , the plus or minus of the parameter x denotes the turned direction and angle for the new clustering structure. In actual application, the sign of x is not changed. There is a very important function which can avoid remodeling the same clustering structure as before during a short time. Furthermore, it can avoid some nodes located in a cluster center repeating acting as the cluster head and some nodes has no chance for acting as the cluster head. The parameter θ is the initial clustering angle. In order to maintain the same quantity of clusters, θ is invariable during the process of re-structuring clusters.
E. Algorithm Implementation
The operation of the proposed clustering algorithm is based on our previous clustering model (EECA). Assume that the BS is located at (0, 0). During the first cluster setup phase, the queen ant doesn't know any information about the networks topology, so it sends the first broadcast composed of the optimum one-hop transmission distance d and the optimum clustering angle θ to all nodes. All nodes analyze which clusters they are belong to according to their location and the received broadcast. The queen ant firstly selects the upper layer clusters and their cluster heads based on the answer message. After the upper layer clusters and their cluster heads are formed, the lower layer clusters and their cluster heads can be formed with the same ways. Such that, all nodes are divided into determinate clusters based on d and θ . The deployments of the queen ant, the scout ants and the worker ants are shown in Fig. 5 .
After the initial clusters are formed, the queen ant can gain the location and ID of all scout ants and the candidate scout ants based on their answers. At the same time, all worker ants can record the location and ID of their current neighborhood scout ants and the candidate scout ants whose location and ID are sent by the current scout ants.
The steady-state operation is broken into rounds, where each work ant sends its sensing data to its current scout ant during their allocated transmission time slot based on the TDMA schedule. Assume all nodes are all time synchronized. The duration of each slot in which a node transmits data is constant, so the time to send data depends on the number of nodes located in the same cluster. Because of multi-hop communication, the cluster head located in the lower layer cluster is treated as a general node of the upper layer cluster, and the time slot for the lower layer cluster must be a sub-time slot of the upper layer cluster. Once the scout ant finishes receiving sensing data from its members, the scout ant performs data fusion and calculates its pheromone, and then sends the fused data and the pheromone to the queen ant in order that the queen ant can make a decision how to remodel cluster structure with (10) during the next period. The worker ant on the one hand records and calculates the working rounds and the energy efficiency of its current scout with (6), on the other hand analyzes ik η with (5) In order to balance the energy consumption of all scout ants, the queen ant make a flag set which is used to label the worker ant served as a scout ant. Thus, during the remodeling clusters, the new scout ant must be those who haven't worked as a scout ant. The operation flowchart of the proposed algorithm is shown in Fig. 6 .
In Fig. 6 , the control rule of the queen ant is selfgoverned. The functions of the worker ants and the scout ants are shifted with the time passed, so their control rules will be exchange with their function shifted. For a sensor network with N nodes, the main operation steps for controlling the network clustering structure can be described as follow.
Step 1: initialize predetermined number of clusters according to the optimum one-hop transmission distance d and the optimum clustering angle θ sent by BS.
Step 2: in each formed cluster, the scout ant send its current pheromone to member.
Step 3: each work ant selects its own cluster head according to its expectation and pheromone sent by neighboring cluster heads.
Step 4: the queen ant receives the sensing data and the pheromone sent by the scout ants, analyzes the energy cost of the networks and makes the decision whether or not remodeling the clustering structure.
The queen ant firstly sends forming cluster message based on d and . And then, it records and calculate the location, ID and pheromone come from all scout ants and candidate scout ants .
The queen ant update its current cost, and sends broadcast composed of the location, ID and pheromone of the current scout ants and the candidate scout ants to all nodes. When the first node is dead, the number ( r n ) of the worker ants who don't send their sensing data to their own scout but the adjacent scout ant is shown in Fig. 7 .
In Fig. 7 , the values of r n are very small at the points a, b, c, and d where the cluster structure is remodeled and the new scout ants are mostly located in the cluster center, so the expectations of many worker ants are in the optimal status and their sensing data are sent to their own scout ants. The average energy consumption of the algorithm PAC compared to that of EECA during every round is shown in Fig. 8 . In Fig. 8 , during the first modeling cluster phase, the cluster structures formed with EECA and PAC algorithms are same, so the energy consumption are approximately equal. Fig. 8 shows that the average energy of (PAC) is lower than that of EECA. The parameters 1 α , 2 α are user-defined constants used to weight the contribution of expectation for the work ants and α is shown in Fig. 9 .
In Fig. 9 , the average energy consumption is the lowest when the parameters meets 1 1 = α and 0 2 = α . Thus, each general node always selects the shortest path to send sensing data to the cluster head. In working model, some cluster heads maybe have too many sensing data to receive sent by its member and other general nodes whose positions are belonged to other clusters, so the lifetimes of the cluster heads would be reduced. When the parameters meets 1 1 = α and 0 2 = α , the energy consumption level isn't increased significantly. Because some work ants try to search the scout ant whose energy efficiency is the highest, the energy supply of the nodes drop quickly and their lifetimes are reduced. How to select the optimal parameters 1 α , 2 α is our future research work. Table I shows that the PAC can effectively prolong the system lifetime compared to EECA. When the density of sensor distribution is increased, the average working rounds is increased compared to EECA. Because the remodeled cluster structure mechanism can make the worker ants and scout ants send sensing data or fused data with the optimal energy consumption.
V. CONCLUSIONS
In this paper, we have presented a novel clustering mechanism based on the polymorphic ant colony. All kinds of ant colonies collaborative work for maintaining or remodeling the clustering structure, which makes the worker ants and the scout ants send sensing data or fuse data with the optimal energy efficiency. With the clustering mechanism, the energy consumption ratio of the networks running during every round is decreased, and the system lifetime is prolonged.
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